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THE ACID HYDROLYSIS OF
ETHYL DICHLOROACETATE IN
ACETONE-WATER SOLVENT

INTHRODUCT ION

Even though 1t 1s pcssible tc m: ke qyuuzlit:.tive
predicticns :bout the inTluence of subs%itutior or the
v:rious f:.ctorr irnvelved in salvent effect for reasctions
ir roluticr, there huc beenrn, us yet, few :.ttempts to urnravel
the qu=:ntlitative aspecte of the problem with o view to
bulldirg up -~ ccmprehensive theory cf solvent influence
or rezcticn velccities. 1Irn this correctior =n investigation
cf the rates of hyiolysic of substituted ha;afen esters
ir mixed r~oclvents wus expected t:c be very v:.lurble. The

recults ¢f - study of th- rcid cutilyzed ‘nd reutr.l

hvdr:]
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sthyl dichloroucetate wre rcported in this
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EXFERIMENT AL

Purific- tion of M.teriuls

Acetonez Acctonc w.e purified w.es reported befcre (Ref.
Tech. Rep. No. 6 Nr 057-233).

Ethyl &chlemacetate: The ester wns shrkeon up with 3%

sodlum bic.rbcr: te rcluticr tc roemeve free rceid, werhed
with distilled wi.ter, dried over ' rhydroue CuSO4 for three

duys ~nd distllled urder rcduced pressure. The fraction
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boilirg butween 131 wnd 151.6° C. under 401 mm prescure
wue collected fcr ure.
All wuter used wus double distilled, . 1ittle potnssium

permung: rite being udded before the secernd distillation.

Procedure:

Stock solutions of Ba(OH)2 »wnd HCl of strengths 0,0250 N
%§ znd 0.6000 N respectively were prepared from unralytical
| recgent grade materi:ls und these were st.rd:rdized
; using potussium acid phthrlate, pherolphthulein seorving
| as irdlorntor. The strengths of the stock solutions were
checked periocdic:lly.
t A1l glusswsre used w8 st-ndurdized. The thermostats
employed controlled temperuture within % 0002o C.at 25o Ce.
and 38° C. =rd within Z 0.03° C. .t 66° C.

The procedure for pfeparing sulutions for kinctic

runs w.s thec s-mc .8 reported in previouc studies on

ester hydrolysis. The rcquired velume of scetone, kept

R - - L& e\ e el
E' ! = !}.t th* ..C:p':.s..t:?v eI Siiu - Ul aias
|

£, wue pipeticd into &

- 100 ml volumetric fl-.sk, the reguircd -meunt cf the standard
s0id to muke & 0.0500 N rolution w:s zdded :rnd the contents
made up :pproxim:.tely to the reck of the flusk with wanter.
The solution wrs ther lcft ir the b.th for 14 to 2 hours

tc attain tompersture cquilibrium. Euch rur wsas atarted

by rdding the required velume <f the ester from a
micropipette tc mike & 0.060C N solution und m-king up with
water nt tho temperoture of the bithe The flusk wsas

i wichdrawn, well sh-ken :wnd quickly returned to the bath,
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The time of sh-king wus teken &8 starting tim~ sinc: in
mest c-.ecs tho ester does nct gc inty solutior until it
is shikene 10 ml. szmple: were withdrowrn .t convenient
intervals and rurn ints cr»ushed 1ce propured frem the

purificd water und titrated u2:inst St.ndard C:lcium

Hydroxide (approximutely 0.025 N, wctu..l st.rd:.rdiz.tion
wus8 tc four sigrificurt figurcs) using bromophonolblue
a8 irdic:tor.

The proccdure for ncutr:l hydrolysis wus thc ssme
except no zecld was udded tco the run.

The unimoleculur rute constunts k! for the :cid
c.trlyzed und Kn for rncutruil runs were obt-ined from
piots of log (&~x) uguinet t. Where (a-x) 1s the cone . ,

centretion of unre:cted cster ot time t, The true raote

constunt k, for the ncld catulyzed resction wsus crleulated |
from the expression
t =
k k, (H+k

Activ-tion oncrgies ir tho case of weid hydrolyscs w

culculnted frcm plots of log k vs ;. Sirce nroutr:l
hydrolyels w:8 donec at two tempor:.turcs orly, the values
wore csulculited striight from the velocity constunts.

The low solubility of CIBCHCOOEt irn water-rich
solvcent mixturces limitod the »unge of investig- .tion. 4n
estcer concentretion of 0.06 M was desiruble for »ousongble
accurscy ir the mensurcments by the proccdure cmployed
#rd 1t 1e impossiblc to prepare u soluticn of thut strongth

ever 1n 40% uscctonc. The solvent compositions cmployed

in thc study were 50, 60, 70, :nd 80% by volumc of :cetone. ;
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The spccific reuctien rate ccnratunte were in geoneral

rcproducibl: to within & 3-5%.

(5%) wus fournd in th: solutions conrnt:irirng thoe l.rger

perccnt.ges of :ncetonc.

The velocity constunts for both :cid ..nd ncutral

hydrclysis in the vi.ricus medlu urc given in Tobles T

The gre:test v:ri:tion

Discussion

«nd II. The plots (Figs. I wnd II) 1ndic:tirg the chunge

of the r-.te cunstunt with solvent composition ure roughly

of the s:me shupe »e obtzinred by N.ir snd An:nt:krishnun (1).
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”“‘**Qcﬁég?, _____ 25 C 1. B gt R
Vol. % ‘D‘lclectrigl:x 102 !Ds slectriclk x 102 Dlolectric |k x 10°
- of hocbono: CoRet=fiG] = .- OGnSGuEt | - ) Comstapt ). )
50 ' 52.0g g, 27 49.7g 16.10 | 47.8, [33.83
60  '45.59  [6.28 | 43.44 12.05 | 41.8, |26.15
70 |33.65  [s.95 137.7g 8.02 | 35.5. [16.91
80 | 32.10 2 .62 30. Bg 6.35 | 29.2; |13.58
T.ble IT
(Neutr: 1l Mydrolysis, k in litcrs molc~1 hour“l)
r\wcggl\\“\ 35° c. 48° ¢.
o — o
P A el R
| 50 49.7g 17.5¢ 47.8, 37.04
60 43. 44 7.01 41.8, 15.61
7N 37.7g 2.27 35. 5g 5.47
|80 |%C.8  }0.888%] =29.25 | 1.60 |
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«nd Hockersmith snd Amis (2) for :ctd hydrolyeis of cthyl
tcetute :.rnd methyl propion.tc respectively in ucetore-water
ayatema. The wctiv:tion cnergies .nd frequency frctecrs

for =cid cotrlyzed wnd neut 'ul hydrolycis :are shown in

T:bles IIT :nd IV.

Tuble III
Acid Hydrolysis
|77 # acetore | logyo P2 E ir cals.
T e e 13,2c0
60 8.68 13,500
70 8.71 13,800
80 | 9.68 15,300
Tuble IV
Neutral Hydrolysis
% Acetone log, 4 P2 E ir cals.
o 50  7.53 14, 500
) .91 15,800
70 8449 17,100
80 | a0 | 11,800 7

The ch:.rges in .ctiv: tion crergy .nd PZ fi.ctor .re in
the cxpected direccticn for hologen substitutlon ut the
oK position. The decrcuse ir uctiv.tiorn erergy 18 more
thun compens:ted by the decre:se in the PZ fr.ctor .nd
hence the hydrolysis ias very slow coumpred to shut of
ethyl :cetute.

The specific veloclity corstint for the ncutr:l

hydrolysis in 80 percent wucetonc sclvernt .t tho lower
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tompor.ture (35° C) ecoms to be in c¢rror. This 1s bocrufe
of the extremely sm.ll v-1luc :f th: constunt -t this
high wcetore concentr: tiorn :nd -t this lower ternper:ture.
The :ctiv: tion cncreles :nd PZ v-lucs which result from
¢:lculutions using this v:lue of the ».te const-.nt :.re
consequently ir error :rd h.ve therefore been neglected
in this discussion. The questionublc: v-lues of these
qu.ntities huve, however, beon insorted in T:bles ITY :nd IV.
In order to comp ' rec the effect of v.ri.tion of
dlelectric const:.nt orn re.ction r:te for the substituted
ester with th.t fer unsubstituted ester u plot of log

k  againsgt I wus mude. The divisior by Cy o» the
H.0 D 2

2
concentrution of w:ter in eolution, t:kee c:re of the
moleculurity with respect to witer. The plcts irdic:te

line.r viriztior of log k with ]13 within the runge 50-75%

ucetore. A sh:rp upward curvature somewhere :~cund 25%

acetone 1 indic-ted. The intereating festure sbout

4 o L.+ el Lo .
theee curves is th:t Lagy nave . ne
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t line portion while those for ethyl :cetaute show
a posltive slope. Decre:sce of dielectr‘c corst: nt here
result in decre:.se of k/Gﬂzo. The ch rnce in slope c:n
be rerdily expl:ined .8 follows.

If the field cf the <€~ chlortine :toms, which hive
ncquired partt-1 reg tive ch:.»:.cter, ¥s :rsumed t- be
the determining f:rctor 1r the 'pproach of the wu.ter
molecule to the resction center, thern the neg.tive slcpes
of the plote u~e re: dily understood. The nssoc!- tion of

the sclvent molecules irvolved nt the g-wup ir question

&

£ & sk
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will be clorer :s the dlelectric c:rat:nt of the medium

is decre:sed. Ch-.nge ir the extert or n ture cf solvation.
of the st-ungly polar —CHCl2 gr:up m:y lso be p-mtly
resporsible for the observed trend. Thie car result in

r. lergening cf the inductive withdr w1l of electrons

from the re:wction center (1.e., there c-uld be : we:kering
of the polurizution c¢f tha C-C berd) due to the interaction
of the ‘olv:ting molecule :nd the -—CHCl2 gr:up. The
decrensed positive ch: recter of c .::ber weuld make the
upprouch of w.ter molecule more difficult. However, it
would be difficult tc suy If there 1s .ny element of truth
irn the picture given ubove «irnce the rewsction center is
rext to the pol.: grcup involved. Strong sclv-.tion

would result irn the mutu-l polarizution ¢f both di‘poles
involved. The irncreused pousitivity of the o~ c: .~bon would
thus erhance inductive withdrzw.l of eilectrons from the
re:ctior center. If thirf 18 ascturlly wh:t huppelis, und

if the observed trerd cf K¢,nmrteponlaw With change of

D is to be interpreted con theo brsis of nlter ticn of the
electrici.l chur-cter cf the c.rboxyl c:~bon, then cre

hus tc postul:te : replucement of w-.ter by ucetzne in

the sphere of solv:tion of the ~CH012 gr._up.

It 18 hard to s.y whether the diversion of the lines
of force cf the dipole ccncerred or its ernh:.nced polari-
zuztion, wher strorngly solvuted, is the predominant
fauetor irn determining the chi.nge in potenti:l of the

dipole system :t the re.ction center, without any
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knowledge of the gecmetry of solv:ticn.

It ' ppeurs from the usbeve discussion th'.t the
d*—~ect fleld effect of the neg:tive chlorine - toms in
« -position affords the most reuson:ble expl:.ration of
the observed vuriutions of rewction r.te with dlelectric
constunt.

The lineur correl:tion between log PZ and QE:'L'
which F:irclough =nrd Hinshelwood (3) had observed in a
large number of cu.ses znd which h:id beer ucccunted for
or the b:.éis of some st: tistlc:l ccreider: tions is found to

hold good for the data presented here (Fig. 4).
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